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HANCOCK BROOK LAKE
DAM-BREAK FLOOD ANALYSIS

1. PURPOSE

This report presents the findings of a dam-break flood analy-
sis performed for Hancock Brook Lake. The dam, is located on Han-
cock Brook in the town of Plymouth, Connecticut, approximately 3.2
miles upstream of its confluence with the Naugatuck River. Loca-
tion of the dam is shown on plates 1, 2 and 9.

Included in the report are sections describing pertinent fea-
tures of the dam, procedures used for the analysis, assumed dam-
break conditions, and effects of varying conditions (sensitivity
tests) on the resulting downstream flood, discharges and stages.
This study was not performed due to any known likelihood of a dam-
break at Hancock Brook Lake. Its only purpose was to provide quan-
titative information for emergency planning use in accordance with
ER 1130-2-419.

2. PROCEDURE

The Hancock Brook dam-break analysis was made using the
"National Weather Service Dam-Break Flood Forecasting Computer
Model', developed by D. L. Fread, Research Hydrologist, Office of
Hydrology, National Weather Service, NOAA, Silver Spring, Maryland
20910. Input to the computer model consisted of: (a) storage
characteristics of the reservoir, (b) selected geometry and timing
of the dam-break and (c) hydraulic characteristics of the down-
stream viver channel including tributary inflows, roughness coeffi-
cients, contraction-expansion loss coefficients, and active and
inactive flow regions. Based on input data, the program simulates
a prebreach high flow steady state condition, then computes the
dam-break outflow hydrograph and routes it downstream. Calibra-
tion of the model is accomplished by comparing model computed pre-
breach stage-discharge relations with known stage-discharge rela-
tions at various index locations along the river (i.e., at dams,
gages, etc.). The dynamic unsteady flow routing is performed by a
“"honing' iterative process governed by requirements of both the
principle of conservation of mass and the principle of conserva-
tion of momentum. The analysis provides output on the attenuaticn
of the flood hydrograph, resulting flood stages, and the timing of
the flood wave as it progresses downstream. The dam-break analy-
sis for Hancock Brook Dam was performed in two steps: (a) the
supercritical dynamic method (IOPT option 3) was used for one



reach, the steep 2.2 miles of river reach just downstream of Han-
cock Brook Dam and (b) the subcritical dynamic method (IQOPT
option 9) was used for the remaining four reaches, a distance of
15.7 miles. A listing of the computer input data used for the
base flood is shown on plates 15 and 16.

3. DESCRIPTION

a. General. The study extended from Hancock Brook Lake in
Plymouth, Connecticut downstream along Hancock Brook to its conflu-
ence with the Naugatuck River in Waterbury, Connecticut, and con-
tinued along the Naugatuck to Beacon Falls, Connecticut, for a
total distance of about 18 miles. The drainage area contributing
to the study reach increases from 12-square miles at Hancock Brook
Lake to 26l-square miles at Beacon Falls. The major tributaries
in the study reach are Steel Brook, Mad River, and Hop Brook.
There are six other Corps of Engineer flood control reservoirs in
the Naugatuck River watershed above Beacon Falls, which are oper-
ated as a system to reduce flocding throughout the length of the
Naugatuck River. Location of the flood control reservoirs is
shown on plate 2.

b. Hancock Brook Lake. Hancock Brook Lake is primarily a
flood control reservoir with some water-based recreational activit-
ies. The project is self regulating and stores excessive Hancock
Brook floodwaters. The project was built by the Corps of Engin-
eers and placed in operation in August 1966. Hancock Brook Lake
is maintained by the Corps and is one of seven Corps reservoir
projects operated to reduce downstream flood stages along the
Naugatuck River. A map of the Housatonic River basin is shown on
plate 1. A map of the Naugatuck River watershed, with existing
Corps projects indicated, is shown on plate 2.

Hancock Brook dam is a rolled earth fill embankment, with
rock slope protection, 630 feet in length and a maximum height of
57 feet above the streambed. A photograph of the dam is shown on
plate & and a general plan is shown on plate 5. The spillway,
shown on plate 7, is located adjacent to the right abutment of the
dam and is an uncontrolled chute type, 100 feet long with a crest
elevation of 484 feet NGVD. The outlet works are located on the
right bank and consist of an inlet channel, a U-shaped conc¢rete
welr to control the permanent pool, a 370" by 476" high rectan-
gular conduit 250 feet in length, and an outlet channel. A plan
and profile of the outlet works is shown on plate 6. The lake
contains a flood control storage capacity, at spillway crest, of
3,900 acre-feet equivalent to 6.13 inches of runoff from the 12.0
square mile drainage area. Pertinent data on Hancock Brook Lake
is listed in table I.



LOCATION

DRAINAGE AREA

STORAGE USE

RESERVOIR STORAGE

Inlet Elevation
Conservation Pool
Maximum Surcharge
Top of Dam

EMBANKMENT

Type

Length

Top Width

Top Elevation
Maximum Height

SPILLWAY

Location

Type

Crest Length
Crest Elevation
Surcharge
Capacity

QUTLET CONDUIT

Type

Tunnel Size

Tunnel Length
Service Gate Type
Discharge Capacity
Spillway Crest
Downstream Channel
Capacity

TABLE I

HANCOCK BROOK LAKE
PERTINENT DATA

Hancock Brock, Plymouth, Connecticut
12 Square Miles

Floed Control, Consexvation

454 feet NGVD
460 feet NGVD
499,7 feet NGVD
505 feet NGVD

Rolled earth fill, rock slope
protection, impervious core.
630 feet

20 feet

505 feet NGVD

57 feet

West Abutment
Uncontrolled, ogee weir, chute

100 feet
484 feet NGVD
15.7 feet
16,600 cfs

Rectangular concrete, conduit
3 feet by 4.5 feet

250 feet

Ungated

377 cfs

350 cfs



c. Downstream Valley. The river channel within the study
reach downstream of Hancock Brook Lake, flows through four central
Connecticut communities: Watertown, Waterbury, Naugatuck, and
Beacon Falls in downstream order. Cross sectional data required
for the model within this study reach was obtained from USGS
topographical maps and flood plain mapping as well as available
survey informatiom.

Hancock Brook is relatively steep, falling about 180 feet
in about 3.1 miles from Hancock Brook Dam to the confluence with
the Naugatuck River for an average gradient of about 58 feet per
mile. The Naugatuck River has a lesser slope and falls uniformly
about 180 feet in 14.9 miles from the mouth of Hancock Brook to
downstream of the USGS gage in Beacon Falls for am average grad-
ient of about 12 feet per mile. The flood plain reaches a maximum
width of about 3,000 feet in Waterbury.

There are 26 bridges crossing over Hancock Brook and the
Naugatuck River within the study reach including one crossing of a
limited access type highway, 5 state highways, 4 railroads, and 16
tocal roads. 1In addition, there are five dams throughout the
study reach. Five dams within the study reach are described
below. Principal tributaries in the study reach are Steel and Hop
Brooks, and Mad River.

(1) Dam 2.2 Miles Downstream of Hancock Brook Dam. This
dam is located in Waterbury about 2.2 miles downstream of Hancock
Brook Dam. From field investigations, this dam has a timber crib
spillway about 100 feet long and 5 feet high (crest elevation 300
feet NGVD). It has concrete abutments each about 100 feet in
length with top elevations about 5 feet above the spillway crest.

(2) Dam 3.3 Miles Downstream of Hancock Brook Dam. This
dam is located in Waterbury 3.3 miles downstream of Hancock Brook
Dam. From field investigations this dam appears to be a concrete
ogee welir structure. It is a run-of-river dam about 8 feet high,
with spillway having an approximate crest length of 320 feet at an
elevation of 268 feet NGVD.

(3} Platt Bros. Dam. This dam is located in Waterbury
about 8.4 miles downstream of Hancock Brook Dam. From field
investigations it appears to be a concrete ogee weir structure
about 9 feet high, having a spillway length of about 220 feet at
elevation 221.0 feet NGVD.




(4) Dam Downstream of Hop Brook. This dam is in the town
of Naugatuck about 10.5 miles downstream of Hancock Brock Dam. It
1s a concrete structure less than 5 feet high, with a spillway
length of about 200 feet at elevation 184.4 feet NGVD.

(5} Dam Located Downstream of Route 63. This dam is also
located in the town of Naugatuck about 11.3 miles downstream of
Hancock Brook Dam. 1t is another low, less than 5 foot high, dam
with a spillway length of about 180 feet at elevation 171.2 feet
NGVD.

4. ASSUMED DAM-BREAK CONDITIONS

a. General. The magnitude of a flood resulting from a dam-
break depends not only on the size of the project but also on the
conditions of failure including the initial reservoir level, size
of breach, rate of breach formation, and hydraulic features and
initial flows in the downstream river chamnnels. The selected
input parameters for the dam-break analysis at Hancock Brook Lake
were considered the most severe that might be reasonably expected.

b. Selected Input Parameters. (Base Flood)

(1) Initial Reservoir Level. Full to spillway crest,
elevation 484 feet NGVD. Failure storage equals Hancock Brook
Lake storage of 3,900 acre-feet.

(2) Reservoir Inflow. Actual August 1955 (flood of
record) riverflow 5,800 cfs,

{3) Breach Invert. Elevation 454 feet NGVD.

(4) Breach Base Width. 150 feet, trapezoidal side
slopes: 1V:2H.

(5) Time of Complete Formation of Breach. Duration of
Breach - one hour.

{(6) Prebreak Downstream Flow. August 1955 flood of
record as modified by existing system of reservoirs.

(7} Downstream Channel Roughness. From Hancock Brook Dam
to dam 3.3 mile downstream of Hancock Brook Dam - Mannings '"n' =
0.02 to 0,035, Dam 3.3 miles downstream of Hancock Brook Dam to

Beacon Falls - Manning’s '"n" 0.05 to 0.08.

(8) Downstream Dam Failure. All five dams were assumed
to remain.




5. RESULTS

The resulting peak stage flood profile and flood delineations
for the base flood are shown on plan and profile sheets 1 and 2
(reference plates 9 and 10). A flood profile index map is shown
on plate 8. Timing of peak and leading edge of the flood wave are
also noted on the plan and profile plates. The adopted prefailure
flow was based on the recurring record August 1955 flood as modi-
ied by the present system of reservoirs.

Development of the peak stage profiles, discharge and stage
hydrographs for three selected stations downstream of Hancock
Brook Lake (river miles 0.00, 4.98 and 17.91) are graphically
shown on plate 11,

The peak dam-break discharge for Hancock Brook Lake was 78,300
cfs and attenuated to 60,700 ¢fs upstream of the junction with the
Naugatuck River and then increased to 65,700 cfs downstream of the
junction due to the contribution of the Naugatuck River flow of
7,500 cfs. 1In this 3.0-mile Hancock Brook reach the peak stage
resulting from the assumed dam failure would be about 20 feet
above normal river level.

Analysis continued downstream along the Naugatuck River for an
additional distance of 15.7 miles. In this reach of the Naugatuck
River, there are the several small dams previously described.
These dams have little effect on peak flood stages. Also within
this reach, peak flows and stages of the dam-break flood were
influenced to a degree by coincident inflows from Steel and Hop
Brooks, Mad River and local inflows (see plate 11): "Discharges vs
Distance for Dam Breach Flood". Peak discharges would be attenu-
ated through this reach from 65,700 to 55,800 cfs and peak stages
would be about 10 to 20 feet above normal river level. At Beacon
Falls, the peak flood stage would be approxi- mately 10 feet above
normal river level, or about 5 feet above the assumed prebreak
high flow and about 5 feet below the natural August 1955 flood-
flow.

The leading edge of the dam-break flocod would reach Inter-
state Route 84 in Waterbury about 1.0 hour after the start of the
failure and the resulting peak flood stage would occur approxi-
mately 2.0 hours after the start of dam-break. Similarly, the
leading edge of the dam-break would reach Beacon Falls about 2
hours after the start of the failure and the resulting peak flood
stage would occur approximately 3.90 hours after the start of dam-
break.

The computer analysis was ended at Beacon Falls (dam-break
mile 17.91). Peak stages of the flood wave at Beacon Falls would



’

be about 5 feet below the peak stage of the record August 1955
flood, and not more then 5 feet above prefailure high flow level.
The 5 foot failure surcharge would continue to attenuate progres-
sing downstream of Beacon Fall.

6. BSENSITIVITY TESTS

In addition to the analysis with the assumed dam-break con-
ditions, other studies were made to determine the sensitivity that
individual selected parameters would have on the resulting down-
stream flood. Following is a listing of conditions used and a
description of results obtained. -

a. Breach Width. Runs were made with the initially adopted
breach width of 150 feet and a comparative breach width of 300
feet. There were only minor stage increases in the upper study
reach and no increases further downstream. Comparative profiles
for the two breach widths are shown on plate 12,

b. Duration of Dam-Break. Though the selected duration for
the failure time was 1 hour, runs were also made for failure times
of both 3 and 5 hours. Changes in failure time resulted in stage
reductions of up to 10 feet in the upper portions of the study
reach and 4 feet reductions in the lower reaches. The relative
effects of the three failure times on downstream flood profiles
are illustrated on plate 12.

c. Initial Pool Level. An important factor in determining
the magnitude of a dam-break flood is the level of the reservoir
when the break occurs. Though a full reservoir condition was
adopted, a run was also completed with the reservoir initially one-
half full. Comparative downstream profiles are shown on plate 13.
With the one-half full condition, the resulting peak discharge at
Hancock Brook Lake was 36 percent less than the adopted full pool
condition. Peak flood levels, within the study reach, were from 6
to 2 feet less.

d. Channel Roughness. Manning’s "n' sensitivity tests were

made to determine their effect on downstream flood attenuation,
resulting stages and timing. Tests were made with the Manning’s
"a'" 20 percent greater. Increasing the channel roughness resulted
in slower progression downstream with somewhat greater attenua-
tion; however, the resulting variation in downstream flood profile
was relatively small as illustrated on plate 13. Also varying the
channel roughness had little effect in timing of the peak flood
stage. At Platt Brothers Dam in Waterbury, (dam-breach mile 8.35)°
the timing varied from 2.55 to 2.57 hours and at end of the study
reach (dam-breach mile 17.91) the timing varied from 4.85 to 5.07

tours for the adopted and increased '"n'" values, respectively.




e. Antecedent Riverflows. The base dam-break flood analysis
assumed a high flow already occurring in the river at time of dam-
break. This was considered appropriate since if a dam-break were
to occur, it is highly probable that it would occur at a time of
abnormally high flow conditions. The base flow conditions were
selected as the recurring record August 1955 flood as modified by
the presently existing system of Corps flood control reservoirs,
namely, Hall Meadow Broock, East Branch, Thomaston, Northfield
Brook, Black Rock, Hancock Breook and Hop Brook projects, which
were all constructed following the August 1955 event.

The Hancock Brook Lake outflow with the reservoir at spillway
crest was 500 cfs which would have been the approximate disgharge
for the August 1955 flood. Progressing downstream, inflows to the
study reach were as follows: 7,500 cfs from the Naugatuck River,
2,000 cfs from a local, 9,000 cfs from Steel Brook and the Water-
bury local, 4,000 cfs from Mad River, 2500 cfs from Hop Brook and
8,000 cfs from local tributaries. The resulting total prefailure
flow at Beacon Falls was 33,500 cfs. The adopted antecedent flows
and comparative experienced August 1955 discharges were as
follows:

Adopted Experienced
Antecedent August 1955
{cfs) {cfs)
Hancock Brook 500 5,800
At Waterbury 10,000 90,000
At Beacon Falls Gage 33,500 106,000

A sensitivity analysis was also made assuming a lower (50 per-
cent of the base flood antecedent flow) antecedent riverflow at
time of dam-break. Comparative flood stages are illustrated on
plate 14,

d. Downstream Dams. As noted previously, there are five
dams downstream of Hancock Brook within the study reach. In the
event of a major dam-break at Hancock Brook, under full pool con-
ditions, these dams could be seriously daemaged or fail; however,
there is no significant storage behind any of the five dams. A
failure of any of these dams coincident with a Hancock Brook Dam
failure would not cause a significant added increase in flow or
stage upstream or downstream of the structures.




7. DISCUSSION

The dam-break analysis for Hancock Brook Dam was based on
engineering application of certain laws of Physics, considering
the physical characteristics of the project and downstream chan-
nel, and conditions of failure. Due to the highly unpredictable
nature of a dam-break and the ensuing sequence of events, the
results of this study should not be viewed as exact but only as an
approximate quantification of the dam-break flood potential. For
purposes of analysis, downstream conditions are assumed to remain
constant and no allowance 1is made for possible enlargement or
releocation of the river channel due to scour or the temporary
damming effect of debris all of which could affect, to some
extent, the resulting magnitude and timing of flooding downstream.
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View of Honcock Brook
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